Objective: Applied electrical current flows preferentially along rather than across muscle fibers, a characteristic called anisotropy. In this study, we investigate the alteration in muscle anisotropy after denervation. Methods: Eight adult male rats underwent sciatic nerve crush and the gastrocnemius was harvested from 1 to 2.5 weeks later. Muscle from 12 additional healthy rats was also obtained. Multifrequency electrical impedance measurements were made on the tissue and its conductivity and relative permittivity (i.e., its polarizability) calculated. Anisotropy of the tissue was determined by calculating conductivity and permittivity differences, subtracting transverse from longitudinal values. Muscle fiber and blood vessel quantification were also performed. Results: The mean conductivity difference for sciatic crush animals was higher (p < 0.05) than for the healthy animals across the frequency spectrum, due to a greater increase in longitudinal conductivity than in transverse conductivity. For example, at 10 kHz, the conductivity difference was 0.15 S/m for healthy animals and 0.29 S/m for post-crush animals. Relative permittivity difference values, however, were similar between groups. There was a strong correlation of conductivity anisotropy to muscle fiber size but not to blood vessel area. Conclusions: Anisotropy of muscle conductivity increases markedly after subacute denervation injury. Significance: This alteration in anisotropy has direct relevance to the clinical application of electrical impedance myography. We also speculate that it may impact other forms of diagnostic testing, including needle electromyography and magnetic resonance imaging.
Introduction
Skeletal muscle is highly anisotropic with applied electrical currents flowing more easily along muscle fibers than across them. This unique property of skeletal muscle was first appreciated in the early 1960s in studies assessing excised animal tissue (Burger and van Dongen, 1961; Rush, 1962; Rush et al., 1963; Fatt, 1964) . In the 1990s, Shiffman and Aaron identified that muscle anisotropy could be assessed non-invasively through the application of surface impedance methods (Aaron et al., 1997) . More recent work has suggested that the anisotropic characteristics of the tissue may be effective in distinguishing neurogenic from myopathic injury and could be used as an indicator of disease progression (Garmirian et al., 2009 ). However, the mechanisms underlying anisotropy and its alteration in diseased states remain poorly understood. In addition, how this property of muscle may impact standard electrophysiologic testing and magnetic resonance imaging (MRI) has not been explored.
As part of a larger research effort focused on the application of electrical impedance techniques to rat models of neuromuscular disease, we have been studying the effects of neurogenic injury on the electrical properties of skeletal muscle (Nie et al., 2006; Ahad and Rutkove, 2009) . Although most of this work has focused on surface measurements, we can also study the electrical properties of the tissue directly, after animal sacrifice. We recently assessed the effect of acute denervation injury on the electrical properties of skeletal muscle, demonstrating consistent changes in its conductivity (Ahad et al., 2009 ) 1-2.5 weeks after sciatic nerve crush. In this supplemental analysis, we specifically assess the resulting alteration in the tissue's anisotropic characteristics and the possible mechanisms underlying this change. Moreover, since these characteristics impact the propagation of electrical signals through tissue and are indicative of changes in intra-and 
